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Abstract 
The past has shown that the successful implementation of lean in organizations needs employees with sufficient knowledge 
about methods and principles of lean management. The mediation of these skills during the ongoing production is known as a more 
efficient concept than other approaches. Consequences could be an additional cost and time pressure. Therefore the Fraunhofer 
IPK and TU Berlin have developed a training concept, together with a German pharmaceutical company, which makes it possible 
for the employees to acquire the new knowledge under real conditions and without disruption of production. The paper introduces 
this concept of a “Lean Factory” for pharmacy. 
 
 
© 2016 The Authors. Published by Elsevier B.V. 
Peer-review under responsibility of the scientific committee of the 6th CIRP Conference on Learning Factories. 
 Keywords: "Learning Factories; Lean Management; Pharmacy; Lean Production; Production System"  
 
1. Introduction 
For industry and science the lean concept is a promising 
opportunity to realize an optimized and continuous quality 
while enhancing the effectiveness. Some industries, like the 
automobile industry, already reached a high lean status. The 
pharmaceutical industry has just started to invest more effort to 
enhance efficiency instead of focusing on high quality only. 
Thus pharmaceutical companies are going to implement lean 
approaches encouraged through a parallel qualification of 
employees. The focus lies on topics like 5S, standardization, 
types of waste. On this basis the training of employees 
emphasis the problem solving process. To realize and run these 
trainings the pharmaceutical company has decided to establish 
a learning factory. The paper will describe the chosen approach 
and point out characteristic features as well as valuable 
experiences made during the project [1]. 
2. Learning factory for the pharmaceutical industry 
The pharmaceutical industry is one of the oldest and most 
research intensive economic sectors in Germany. The 
environment of this industry is exposed to changes, which are 
more dynamic and lead to heightened competitive constraints. 
Crucial drivers for this change are increasing costs caused by 
intensified expenditures in research and development, 
regulatory requirements as well as an increasing consideration 
of environmental and working safety aspects. Also the 
expiration of exclusive rights for important medications leads 
to a loss of turnover and profit [2]. The study “Pharma 
Operations Benchmarking” of McKinsey identified three major 
fields of action for companies in the pharmaceutical industry to 
take into consideration in order to ensure the corporate success 
in the future [1], [3], [4]. 
x Increase the performance of facilities and plants 
x Interconnection and configuration of facilities and plants 
x Increase of quality and compliance 
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2.1. Concept and didactical design 
The pharmaceutical industry does not enforces the 
implementation of lean concepts as long as the automobile 
industry, which looks back to a history of about 50 years since 
the first lean production elements were developed [4]. To face 
these identified challenges the company decided to bring a new 
initiative into being and built up a learning factory for teaching 
lean management methods and tools. It is called the “Lean 
Factory”, because the focus lies on lean management topics. 
The concept consists of an alternating sequence between 
observation, theory and practice. A realistic production, 
wherein methods and procedures can be tried out build the key 
element. Within this environment topics can be trained without 
risk and loss of production. Additionally it is illustrated how 
quality of products and processes can be improved with slight 
effort. The trainings have shown that the combination of theory 
and practical application of what has been learned has 
advantages over other qualification concepts. In the end it 
creates a higher learning effect (see Fig. 1). Furthermore the 
didactical concept of learning factories provides an 
environment in which theoretical knowledge is transformed 
into expertise. A self-learning process becomes active which 
fosters a sustainable learning effect. This effect is positively 
supported by the realistic environment which stimulates all 













Fig. 1. Didactical design of the learning factory. 
Figure 1 shows the learning process. In the following part a 
combined approach is used to explain the different phases. 
Firstly every step will be explained in general as illustrated in 
Fig. 1. Afterwards a concrete example of the “Lean Factory” 
will be described. This is supposed to support the 
understanding.  
The first step, which has a low qualification and memorial 
rate as basis, includes the observation of status quo. This phase 
should enhance the motivation through active involvement on 
the one hand and self-awareness on the other. In the “Lean 
Factory” a lack of tidiness and order in the production process 
is chosen as the starting point (step 1). The observation is said 
to show the types of waste to the trainees. 
 The second step constitutes the impartation of theoretical 
basics. Thereby it connects the first information with theory 
and generates knowledge. The purpose of this phase is to foster 
basic and specific knowledge of methods. By using practical 
examples from the pharmaceutical and other industries during 
the theoretical parts, the pure knowledge is transferred to an 
ability to use the methods. Moreover an awareness why they 
are beneficial is created. The theoretical parts in the “Lean 
Factory” are used to establish a basic knowledge of types of 
waste as well as an understanding how to recognize and 
suppress these wastes. 
Step 3 expedites the implementation and application of 
learned skills. It includes motivational aspects to encourage the 
trainees to support the approach and thrive them to a status 
where they are bent on acting lean of their own accord. The 
phase also includes the observation of changes after 
implementation. In the “Lean Factory” step 3 is realized by a 
practical part where the participants implement measures to 
improve tidiness in the shop floor. The fourth step is the 
measurement of change and success in the practical 
environment. To discuss the results in the end is a very 
important part of the training. This helps to prepare the trainees 
to recognize where potential problems during the 
implementation can occur and what impairs a successful 
application of methods. This phase is realized by a last 
observation. At this point a very good “lean-status” is reached 
but there is still some space for optimization. It shows the 
continuous improvement process in the context of lean 
management to the participants. Following this process, a high 
qualification and a high learning effect can be realized. During 
the transfer of learnings from the training to the practical 
realization at the respective workplace of the participants the 
support of the trainers as coaches is essential. A goal can be, 
that one day participants are coaches themselves at their site. 
Not least, the personnel qualification is an elementary 
component in the pharmaceutical industry to ensure company 
success [8]. 
2.2. Learning factory design and approach  
To realize the learning factory, an existing production area 
at the site of the pharmaceutical company was refurbished. The 
created learning factory comprises three essential areas on 400 
m². The core builds the production area in which the 
participants find all necessary devices and machines as well as 
input materials to produce solids like tablets (see Fig. 2). 
The process starts with a weigh station to weigh the input 
materials. Continuing with different mixing stations (dry-mix, 
wet-mix, granulation), which are competent to mix the 
different input materials and liquids. It continues with a 
compression of the granule into tablets. In the end the tablets 
are blistered and packaged. The accuracy to reality becomes 










Fig. 2. Production process in the “Lean Factory”. 
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Within the production are students, who act as shop floor 
workers strictly in conformity with existing “Good-
Manufacturing Practice-Rules (GMP)”. Thus it is possible for 
the trainees to reflect themselves from an external point of 
view. Furthermore the immanent desire for change within the 
participants is animated.  
 
The production area is topped off with an administrative 
section which is not part of the training, but gives the trainers 
and students the chance to apply the taught methods and 
approaches on their own. For example a team board is installed, 
where students and trainers have a team dialogue before every 
training. Additionally participants can see many characteristics 
of 5S and continuous improvement standards. 
 
Beside the production area the “Lean Factory” includes an 
entry area where the participants find a cafeteria as well as a 
waiting area. This part is also in use for the practical exercises 
in which the trainees work together in groups. 
The third area comprises a seminar room in which the 
theoretical parts as well as discussions regarding the 
observations and learnings are realized.  
2.3. Target groups and training topics 
Existing learning factories often work with general 
simulations and business games with automobile or 
engineering examples. The “Lean Factory” takes another path. 
The lean concept is developed by reference to pharmaceutical 
use cases.  
 
The planning and implementation was a collaboration 
between the pharmaceutical company, the Fraunhofer IPK and 
the TU Berlin. In the beginning it was important to define target 
groups for trainings in the lean factory. As orientation the 
partners used the company´s objectives. These are defined to 
get the shop floor employees to act lean, the shop floor 
management shape the production lean and the operational 
management to control and operate lean. Thus three target 
groups were defined. The training topics should fit to each 
group and support the company goals. Shop floor employees 
are supposed to gain knowledge of lean methods, 
standardization, key performance indicators and performance 
dialogues. On the shop floor management level it is necessary 
to be able to teach these methods, develop standards as well as 
moderate performance dialogues. The operational management 
has another perspective and is said to use lean methods and 
approaches in a strategic matter. It should support the other 
levels to realize a lean production. This step of differentiation 
ensured a purposeful selection of training topics as well as a 
tailored solution that fits the strategic goals of the company. 
 
The chosen methods were proven and adapted for the 
application in a pharmaceutical environment. Figure 3 shows 
an overview of the training topics. A training starts with an 
observation of wastes within the production. Additionally this 
first part shows deficits regarding the required 5S-standard. 
Starting from this basis a training continues with topics like 
standardization and key performance indicators.  
Theoretical parts are always accompanied by practical 
exercises where the trainees have to implement measures to 
improve the status of production efficiency.  
 
The next step is to train the participants to use the learned 
methods and indicators to control and navigate. This is done by 
practicing performance dialogues, which are dialogues that 
employees from the shop floor level have with their coach after 
every shift. Within the “Lean Factory” trainees are practicing 
this situation through role-play. They have to slip into different 
roles to realize critical points during a dialogue and understand 
each other´s situation. This exercise is said to strengthen the 


















Fig. 3. Training topics of the learning factory. 
 
The lean principles build a comprehensive closure of a 
training and summarizes the other topics indirectly. Depending 
on the target group of the training, the focus of the topics 
changes. In a shop floor training, for example, the participants 
develop a new standard themselves. An operational 
management group does not develop a standard. It leads and 
supports the employees (student actors from TU Berlin) to 
develop and work out a new standard.  
 
Beside a differentiation between hierarchical levels, the 
training concept tries to involve different kinds of functions. 
Therefore practical examples within the theoretical parts are 
chosen in such way that the participants recognize themselves 
in them. For this reason special examples come from logistics, 
quality managements, administration or maintenance.  
 
To review the concept pretest were executed. This revealed 
first potentials for improvement before the first training was 
held. The duration of a training was fixed to 2.5 days. Moreover 
the concept provides a tandem of two trainers, one from the 
company and one from Fraunhofer IPK, who hold the training.  
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2.4. Current status and valuable experiences 
By now over 60 trainings are executed. This means almost 
800 employees from different levels came to the “Lean 
Factory” to learn and practice lean management principles and 
methods. Most of them were from the shop floor level. Among 
these trainings some international groups were taught in 
English language as well. Experience has shown that it could 
be valuable to train the operational management first, as the 
management level is responsible for the implementation and its 
success in the end. The sites, which sent the management team 
first, made remarkable improvements in a very short time. It is 
fundamentally important that the operational management 
understands the necessity of lean and supports it. To ensure this 
point, it requires to schedule a lot of time for discussions during 
the trainings with management teams. 
 
An intent look on the training topics shows that the selection 
was rightfully chosen, but parts of the practical exercise had to 
be optimized. Especially the problem solving exercise, in 
which the trainees use the A3-problem solving process had 
shown room for improvement. In the beginning a case study 
was used to train the process. It turned out that the chosen 
example was too trivial and escapist. The solution was quite 
simple. The decision was made to take real problems from the 
participants to solve by using the A3-form, which gives the 
trainees a structured and standardized process to solve 
problems. Starting with a detailed problem definition via a root 
cause analysis through to an action plan in the end, it helps to 
solve problems in a systematic manner. The procedure requires 
from the trainers an advanced ability to moderate the problem 
solving process. This modified approach appears as a success 
factor of the training. Participants find themselves in the 
problems and are very motivated and open minded to find a 
solution. Mixed groups with trainees from different 
departments or disciplines are particularly useful for this 
exercise to consider the problem from different perspectives.  
 
Another success factor is the high level of interaction 
between trainers and participants as well as the strong 
involvement of trainees in practical parts. The feedback of 
participants regarding the training is mainly positive. 
Especially the practical, interactive parts to learn lean methods, 
has been praised. Additionally the trainings function as a 
platform for internal exchange of information and experience. 
Moreover review demonstrates that the vertical and horizontal 
heterogeneity of training groups and the usage of target group 
tailored learning methods and emphasizes has great 
importance.  
 
Also the tandem of one trainer from the company and one 
from the Fraunhofer IPK has been evaluated positively. This 
constellation ensures a company specific view on the one hand 
and a company independent influence on the trainings on the 
other hand. This approach creates a good supplementation. 
Especially for the Fraunhofer IPK the cooperation helps to 
support the transfer of research results into practice, including 
a validation.  
3. Conclusion and outlook 
The realization of a learning factory, specially adapted to the 
requirements of the pharmaceutical industry, has proved to be 
successful. It leads to a higher identification of participants 
thanks to well-known processes and machines. This is the 
biggest advantage over learning factories for the automobile 
industry. Especially for participants from the shop floor level 
experience shows the difficulty to transfer the gained 
knowledge to other product groups. Therefore it should always 
be questioned which degree of specificity is selected. 
To evaluate the sustainability of concept and trainings it is 
planned to implement a test of knowledge following the 
training. Furthermore it is proposed to realize small lean 
projects at the own working place by the trainees. Taken a 
critical look, limitations in organization of support due to 
capacity has to be feared.   
To increase the utilization of the “Lean Factory” it is 
intended to realize a stronger extension of the trainings to 
international sites in English language. Additionally further 
training modules are going to be realized. This includes “Single 
Minute Exchange of Die (SMED)”, “Total Productive 
Maintenance (TPM)” and a deepening module of “Value 
Stream Mapping”. Independently, the communication and 
exchange with companies from the pharmaceutical industry as 
well as other industries regarding learning factories and the 
lean concept is desired.  
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